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(54) Clutch plate 

(57) On a frictions! engage surface of one of inner 
and outer clutch plates constructing a wet-type multi- 
disk dutch, a plurality of convex ridges are formed at an 
infinitesimal predetermined interval distance. Lubricat- 
ing oil is kept between the convex ridges, so that the 
wedge operation in oil can be reduced, whereby the 
torque transfer characteristic can be improved. Further, 
a height of the convex ridge is set equal to or more than 
1 tim and the interval distance of the convex ridge is set 
equal to or less than 600 pm, preferably. 

In the configuration of the clutch plate, It la made of 
steel as a substrate. Further, a nitrogen diffusion layer, 
a nitrided layer and an oxidation tunic is formed on said 
nH rid od layer are formed on the substrata in its order 
therefrom. 
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Description 

BACKGROUND QFTHE INVENTION 
Held of the Invention: 

[0001 ] The present invention relates to a clutch plate, 
more particularly, to a clutch plate ueed for a drive force 
transmission device installed In a four-wheel drive vehi- 
cle. 

Bflaainttflo Qf the Related Art: 

[0002] As an example of a drive force transmission 
device, it is disclosed in Japanese Patent Publication 
No. 7-71563. In this publication, it is disclosed that a 
clutch is arranged between outer and inner rotating 
members which are coaxielly positioned relative-rotata- 
bly with each other. In the drive force transmission 
device, a torque is transferred between the outer and 
Inner rotating members by frictionaily engaging the 
clutch. 

[0003] In the drive lores transmission device disclosed 
in the publication, faced surfaces with each other of both 
inner and outer clutch plates constructing the clutch are 
formed to a frictions! engage surface having a predeter- 
mined surface roughness, so that the torque can be 
transferred between the Inner and outer rotating mem- 
bers by the frictional engage force on the frictions! 
engage surface. Further, lubricating oil for lubricating 
the frictional engage surfaces elidably contacted is sup- 
plied thereto. 

[0004] In the drive force transmission device 
described in the above-mentioned publication, plural 
eccentric groove are formed on the frictional engage 
surface of one of the inner and outer clutch plates con- 
structive of the clutch, while that of the other thereof Is 
formed to be flat. In such a situation, the decrease of 
frictional coefficient u by the wedge operation In oil can 
be pre/anted 50 as to keep the lubricating oil at a mini- 
mum filling in each of the eccentric grooves. 
[0005] Further. In the drive force transmission device 
described In the above -mentioned publication, an inter- 
val distance between the adjacent two eccentric 
grooves formed on the frictional engage surface of one 
of the clutch plates is widely formed relatively. In a case 
that the eccentric groove la relatively new, It te possible 
to keep a predetermined surface roughness on the fric- 
tional engage auriacs, eo that the lubricating oil is kept 
in the depression portion due to the surface roughness. 
Consequently, the clutch plates can be frictionaily 
engaged with each other at the convex portion adjacent 
to the eccentric grooves. However, the convex portions 
adjacent to the eccentric grooves are specularly ground 
due to the long-term use of the drive force transmission 
device, so that the oil film is formed between the both 
frictional engage surface with facility. As a result. It is dif- 
ficult to engage the dutch plates with each other. 



[0006] Further, in a case that the concave-convex 
shape is still remained on the frictional engage surface 
due to the surface roughness, the lubricating oil is kept 
in specs portions formed by the concave-convex shape 
5 on the frictional engage surface. In this situation, the oil 
pressure separating the frictional engage surfaces each 
other Is generated due to the wedge operation of the 
lubricating oil kept therein at a portion where the space 
portions cross In a rotational direction, so that the frie- 
rs tional coefficient u Is decreased. Therefore, the function 
in the multi-disk clutch Is deteriorated. 
[0007] With this deterioration of function in the clutch, 
in a case that the rotational speed difference between 
the both clutch plates is small, the torque transfer char- 
16 acteristic becomes to be a negative inclination, i.e.. the 
transmissive torque is gradually decreased as the rota- 
tional speed difference becomes to be large. 
[0008] Further, between the both clutch plates, a gap 
exists due to the dispersion of the concave-convex 
20 shape on the frictional engage surface, in such a fric- 
tional clutch of electromagnetic type wherein the fric- 
tional dutch <s frictionaily engaged by the operation of 
magnetic force, the gap causes to decrease the opera- 
tive magnetic force thereon, so that the frictional 
26 engags force of the frictional clutch decreases. Moreo- 
ver, the gap does not keep at constant due to the disper- 
sion of flatness (surface roughness) on each of the 
frictional clutches. Consequently, the dispersion of gap 
causes that of the torque transfer characteristic product 
30 by product in the frictional dutch of the electromagnetic 
type. 

SUMMARY QF THE INVENTION 

36 [0009] Accordingly, an object of the present Invention 
is to solve the above mentioned problems. 
[0010] Briefly, according to the present Invention, a 
clutch plate used for a drive force transmission device is 
provided with plural convex ridge clrcumferentlalty 

40 formed parallel with each other at an infinitesimal Inter- 
val distance on a frictional engage surface of the dutch 
plate. Further, a height of the convex ridge Is set equal 
to or more than 1 ^im, and the interval distance of the 
convex ridge Is set equal to or less than 600 pm. 

45 [0011] With this construction, the convex ridge la still 
remained even if the drive force transmission device Is 
used for a long term, so that the oil film between the fric- 
tional engage surfaces of the drive force transmission 
device can be prevented, whereby the torque transfer 

60 characteristic can be Improved. 

[0012] Further, the convex ridges are drcumf erentlally 
formed, so that the wedge operation in oil can bs 
reduced. Therefore, the oil film can be further prevented 
from being formed. Furthermore, the minimum lubrlcat- 

55 ing oil Is held between the convex rrdges. the lubricating 
function is still remained. In a case this construction Is 
adopted to an electromagnet type frictional dutch, the 
operative magnetic force can act suitably. With this con- 
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struction, the torque transfer characteristic can be 
improved and. resistibifity in judder and responsibility 
can be also improved. As a result, the scuffing torque 
due to viscosity of the oil film can be reduced, so that 
the endurance can be improved. 5 
[0013] Moreover, on the eurface of the dutch plate, 
there are formed a nitrogen diffusion layer, a nitrided 
layer and an oxidation tunic in its order, I.e.. a multi-layer 
configuration by performing a gas-softening ntaiding 
process, an oxidation process and quenching process ro 
on a substrate made of eteel. Therefore, reslstibility in 
corrosion, wear and fatigue can be multiplicative^ 
Increased, so that the frlctlonal engage surface can be 
prevented from being ground specularly. As a result, rt 
can be restrained that the transmfsslve torque between 15 
the both clutch plates is decreased due to the specular- 
ity of the frlctlonal engage surfaces, so that the torque 
transfer characteristic in the electromagnetic type frlc- 
tional clutch can be Improved. 

[0014] In this case, the multi-layer configuration is so 
formed on one of the inner and outer clutch plates, the 
difference in hardness exists therebetween. Conao 
quently, the transmissive torque becomes to be large 
due to the difference in hardness. Further, the magnetic 
permeability in the clutch plate having the multi-layer 2 s 
configuration is decreased by its configuration. How- 
ever, the decrease in magnetic force functions to reduce 
the influence about the dispersion of flatness (surface 
roughness) on the clutch plate, so that it is also possible 
to reduce the dispersion in torque transfer characteristic so 
of the electromagnetic type frictions! clutch product by 
product. 



BRIEF DESCRIPTION OF THE ACCOMPANYING 
PRAWINGS 



[001 5] Various other objects, features and many of the 
attendant advantages of the present invention will be 
readily appreciated as the same becomes better under- 
stood by reference to the following detailed description 40 
of the preferred embodiments when considered In con- 
nection with the accompanying drawings, In which: 

FIG. 1 is a general diagram showing a four-wheel 

drive vehicle in which a drive force transmission 45 
device 19 installed; 

FIG. 2 is a cross-sectional view showing an exam- 
ple of a drive force transmission device according to 
the present invention; 

FIG. 3 la a front view showing an inner clutch plate so 
of a friction al dutch constructing a pilot clutch 
mechanism in the drive force transmission device; 
FIG. 4 is a partially enlarged view showing a frac- 
tional engage surface of the inner dutch plate; 
FIG. 5 is a chart showing a concave-concave shape s$ 
on the fractional engage surface; 
FIG. 6 is a graph showing the relationship between 
ratio of frictionai coefficient in the frictions! clutch 



and surface roughness: 

FIG. 7(A) and 7(B) are graphs showing the torque 
transfer characteristics of the transmissive torque in 
the drive force transmission device relative to the 
rotational speed difference as parameters of sur- 
face roughness of the inner clutch plate In which the 
curve A represents a case that convex ridges are 
formed on a frictionai engage surface of the Inner 
clutch plate and which the curve B represents a 
case that no convex ridge exists thereon; 
FIG. 6(A) and 8(B) are graphs showing the relation- 
ship between the ratio of frictionai coefficient In the 
frictionai clutch and the height of the convex ridge, 
and the torque transfer characteristics of the trans- 
missive torque in the drive force transmission 
device relative to the rotational speed difference in 
a case that the height of convex ridge Is changed, 
respectively; 

FIG. 9(A) and 9(B) are graphs showing the relation- 
ship between the ratio of frictionai coefficient in the 
frictionai clutch and the depth of groove portion, 
and the torque transfer characteristics of the trans- 
missive torque in the drive force transmission 
device relative to the rotational speed difference in 
a case that the depth of groove portion Is changed, 
respectively; 

FIG. 10(A) and 10(B) are graphs showing the rela- 
tionship between the ratio of frlctlonal coefficient in 
the frictionai clutch and the interval distance of con- 
vex ridge, and the torque transfer characteristics of 
the transmissive torque In the drive force transmis- 
sion device relative to the rotational speed differ- 
ence in a case that the interval distance of convex 
ridge is changed, respectively; 
FIG. 1 1 (A) and 1 1(B) are graphs showing the rela- 
tionship between the scuffing torque and the sur- 
face roughness on the inner clutch, and the torque 
transfer characteristics of the scuffing torque in the 
drive force transmission device relative to the rota- 
tional speed difference in a case that the surface 
roughness on the inner clutch is changed, respec- 
tively; 

FIG. 12 Is a graph showing the relationship 
between the transmissive torque and the rotational 
speed difference in cases that the multi-layer con- 
figurations ie adopted on the Inner clutch plate and 
in the case of the conventional clutch plate in the 
light of the endurance test; 
FIG. 13 Is a graph showing the relationship 
between the magnetic flux density generated in the 
pilot clutch mechanism and the magnetic field 
intensity in cases that the single-layer and multi- 
layer configurations are respectively adopted on the 
Inner clutch plate; and 

FIG. 14 is a graph showing the relationship 
between the attractive force by a armature and the 
flatness (surface roughness) on the inner dutch 
plate in cases that the single-layer and multi-layer 
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configurations are respectively adopted thereon. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

[0016] An embodiment according to the present 
invention will be hereinafter described with reference to 
the accompanying drawings. 

[001 7] FIG. 2 shows an example of a drive force trans- 
mission device 10 to which a frictional clutch mecha- 
nism according to the present invention is Installed as a 
constructional member. The drive force transmission 
device 10 is mounted onto a four-wheel drive vehicle 
(referred to as a 4WD vehicle hereinafter) to transmit a 
driving force from a front wheel side to a rear wheel 
side, as shown in FIG. 1. 

£001 8] in the 4 WD vehicle, a transaxle 21 is formed 
together with a transmission, a transfer and a front dif- 
ferential through which the driving force from an engine 
22 is transferred to both of axle shafts 23a, whereby 
right-left front wheels 23b can be driven. The driving 
force from the engine 22 is also transferred through the 
transaxle 21 to a propeller shaft 24 which Is connected 
with a rear differential 25 through the drive force trans- 
mission device 10. In a case that the propeller shaft 24 
is tarqua-transmrttably connected with the rear differen- 
tial 25. the driving force is transferred to the rear differ- 
ential 25 through the drive force transmission device 1 o. 
Subsequently, the driving force is transferred from the 
rear differential 25 to both of axle shafts 26a. whereby 
left-right rear wheels 26b can be driven. 
[0019] The drive force transmission device 10 is dis- 
posed together with the rear differential 25 within a dif- 
ferential carrier 27 onto which the drive force 
transmission device 10 is supported. Further, the drive 
force transmission device 10 is supported through the 
differential carrier 27. As shown in FIG. 2, the drive force 
transmission device 10 is composed of an outer case 
10a serving as an outer rotational member, an inner 
shaft 1 0b serving as an Inner rotational member, a main 
clutch mechanism 10c, a pilot clutch mechanism 10d 
and a cam mechanism 10e. 

[0020] The outer case 10a is constructed with a front 
housing 1 1a in the form of a cylindrical shape having a 
bottom, and a rear housing 11b which is threadedly 
engaged with the front housing 1 1a at an opening por- 
tion of a rear end thereof whose opening portion is 
cloeed by the inner shaft 10b. The front housing is made 
of aluminum alloy that la a nonmagnetic material, and 
the rear housing is made of steel that is a magnetic 
material. In a middle portion of the rear housing 11b in 
a radial direction thereof, there is disposed a cylindrical 
member 11bj made of stainless steal which forms a 
cylindrical nonmagnetic portion. 
[0021 ] A nut member 1 1c is movably engaged with a 
screw portion formed at an outer peripheral portion of a 
rear end of the rear housing 11b. The rear end of the 
front housing 1 1a Is screwed by the nut member 1 1c, so 



that the screw portion of the front housing 1 1a is urged 
toward that of the rear housing 11b, whereby It is possi- 
ble to eliminate the clearance between the both screw 
portions of the front and rear housings 1 1a and 1 1b. 

0 [0022] The outer case 10a is rotatably supported to 
the differential carrier 27 at an outer peripheral portion 
of a front end of the front housing 11 a, and is also rotat- 
ably supported thereto at an outer peripheral portion of 
a rear end of the rear housing 11b. Further, the end pcr- 

io tbn of the front housing 1 1 a Is torque-transmittably con- 
nected with a rear end portion of the propeller shaft 24. 
[0023] The inner shaft 10b is inserted into the front 
housing 1 la so as to f luidly obturate a central portion of 
the rear housing lib. Further, the Inner shaft 10b le 

16 rotatably supported with the front and rear housings 11a 
and lib under a condition of being restrained to be 
movable in an axial direction. In such a condition, a top 
end portion of a drive pinion shaft 28 Is Inserted Into the 
inner shaft 10b to be torque-tranemittably connected 

20 therebetween, 

[0024] The main clutch mechanism 10c. i.e., a fric- 
tions! clutch In the form of a wet multi-disk type is com- 
posed Of a plurality of clutch plates (inner clutch plates 
12a and outer clutch plates 1 2b), and is arranged at the 

25 bottom side of front housing 11a. Each of the inner 
plates 12a constitutive of the frictions! dutch is movably 
assembled in the axial direction to be spline-engaged 
with an outer peripheral portion of the Inner shaft 10b. 
Similarly, each of the outer clutch plates 12b is also 

30 movably assembled In the axial direction with being 
spline-engaged with an inside surface portion of the 
front housing 11a. The inner and cuter plates 12a and 
12b are alternately positioned so as to be contacted 
with each other. Therefore, the inner and outer pistes 

ss 12a and 12b are frictionally engaged with each other, 
and arranged movably in the axial direction, thereby 
being brought into a free state in each thereof. 
[0025] The pilot dutch mechanism I0d comprises an 
electromagnet 1 3. a frictional clutch 13 and an armature 

«o 15. The elactromagnet 13 is cyiindrically termed and 
press-fitted into a cylindrical depression of the rear 
housing lib by being attached to a yoke 16 which is 
supported onto the differential carrier 27 and is rotatably 
supported around the outer peripheral portion of the 

43 rear end of the rear housing 1 1 b. 

[002$] A frictional clutch 1 4 of a wet mufti-disk type is 
composed of dutch platee according to the present 
invention. Each of inner clutch plates 14a is slidably 
assembled in the axial direction with being spline- 

bo engaged with an outer peripheral portion of a first cam 
member 17 of a cam mechanism 10e (described here- 
after in detail). Similarly, each of outer clutch plates 14b 
is slidably assembled in the axial direction to ba sptine- 
engaged with an inner portion of the front housing 11a. 

55 The inner and outer plates 1 4a and 1 4b are alternatively 
positioned thereby can be contacted with each other. 
Therefore, the Inner and outer plates 14a and 14b are 
frictionally engaged with each other and arranged mov- 
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ably in the axial direction, thereby being brought into a 
free state in each thereof 

[0027] The armature 1 5 formed cylindrically is mova- 
bly assembled in the axial direction to be spline- 
engaged with the inner portion of the front housing 1 la, 
and Is arranged at a position facing with the electromag- 
net 1 3 as centrally of the frictionai clutch 1 4. 
[0028] As described above about the construction of 
the pilot dutch 10d, a magnetic path Is established 
around the electromagnet 13 through the yoke 16, the 
rear housing 11b, the frictionai clutch 14, the armature 

15, the frictionai clutch 14, the rear housing 1 1b and the 
yoke 1 6 by exciting the electromagnet 13, Besides, ft Is 
possible to select three modes described hereafter with 
electriferously changing an electromagnetic coll of the 
electromagnet 13 by a switch. The switch is arranged in 
the vicinity of a driver's seat in a cabin of the vehicle, 
and can be facilely operated by the driver. Further, rt 
may be possible to omit the switch In a case that the 
drive force transmission device ia adapted to the second 
mode described hereafter. 

[0029] The cam mechanism 10e ie constructed with 
the first cam member 17. the second cam member 18 
and the cam follower 19. On the first and second cam 
members 17 and 18. cam grooves are respectively 
formed at e predetermined interval distance on cam 
surfaces facing with each other. The first cam member 
17 is rotatably engaged on the outer peripheral portion 
of the inner shaft 10b. and is rotatably supported with 
the rear housing 1 1b, on which of the outer peripheral 
portion each of the inner clutch plates 14a of the fric- 
tionai clutch 1 4 is slidably engaged in the axial direction. 
[0030] The second cam member 1 8 is spline-engaged 
with the inner shaft 1 0b so as to be rotatable therewith 
and is arranged at a position facing with the Inner cJutch 
plate 12a of the main clutch mechanism 10c. The cam 
follower 19 taken in the form of a ball is disposed 
between the cam grooves defined at the cam surfaces 
facing with each other of the first and second cam mem- 
bers 17 and 18. 

[0031] Further, in a lead line 13a for supplying current 
to the electromagnetic coll of the electromagnet 13, Its 
top portion aside of the electromagnetic coil is 
immersed in a support member 16a which ie made of a 
synthetic resin (plastic) and is engaged with the yoke 

16. With this construction, it is avoided that the lead line 
13a Is contacted with the outer case 10a that is a rotat- 
ing member, whereby the toad line 13a can be pre- 
vented from being cut by the contact therewith. 
[0032] In the drive force transmission device 10, on 
the other hand, an X-rlng seal le provided between the 
inner shaft 1 0b and the rear housing 1 1b, and an O-ring 
seal is provided between the front and rear housings 
11a and 11b. Therefore, lubricating oil is fluid-tightty 
kept by the X-ring and O-ring seals within a space 
defined by the Inner shaft 10b and the front and rear 
housings 11a and 11b. As a result, the main clutch 
mechanism 10c and the pilot dutch mechanism 10d are 



always steeped In the lubricating oil. 
[0033] As constructed above, when the current is not 
supplied to the electromagnetic coil of the electromag- 
net 13 constructive of the pilot clutch mechanism iod, 

5 the magnetic path is not established, so that the fric- 
tionai clutch 14 can not be engaged. In such a state, the 
pilot clutch mechanism 10d is in a non-operation state, 
Le., the first cam member 17 constructive of the cam 
mechanism I0e can be rotated with the second cam 

10 member 18 through the cam follower 19, whereby the 
main clutch mechanism 1 0c is kept in the non-operation 
state. Therefore, the vehicle is operated by front wheel 
drive, i.e., the first mode. 

[0034] On the other hand, f n a case that the current is 
js being supplied to the electromagnetic coll of the electro- 
magnet 13, since the magnetic path is established in the 
pilot clutch mechanism 10d, the armature 1 5 Is magnet- 
ically attracted toward the electromagnet 13. In thla 
case, the frictionai clutch 14 la brought into engagement 
20 by the attraction of the armature 1 5 with the electromag- 
net 13, so that the first cam member 17 of the cam 
mechanism 10a la connected with the front housing 
1 1a, whereby the rotational speed difference ie gener- 
ated between the first and second cam members 17 
2$ and 18. As a result of this connection, the second cam 
member 18 is traveled by the cam follower 1B in a sep- 
arative direction from the first cam member 17. i.e.. left- 
ward in FIG. 2. 

[0036] Namely, since the second cam member 18 is 

30 traveled toward the main dutch mechanism 10c, the 
main clutch mechanism 10c is frictionally engaged 
therewith in accordance with the frictionai engagement 
force of the frictionai dutch 14, whereby the torque 
transmission is performed from the outer case 10a to 

3* the inner shaft 10b. Therefore, a connective status 
between the propeller shaft 24 and the drive pinion shaft 
28 is continuously changed from the non-conn active 
status to a direct connective status. This connective 
mode is referred to as the second mode, in the second 

40 mode, a driving force distribution ratio le control labty 
Changed from 100:0 (front-wheel driving status) to 
50:50 (direct four-wheel driving status) in correspond- 
ence with the driving status of the vehicle. 
[0036] In a case that the current supplied to the elec- 

4$ tromagnetic coil of the electromagnet 13 is increased to 
a predetermined value, the armature 15 is further 
attracted toward the electromagnet 13 by the Increase 
of an attractive force, so that the frictionai engagement 
force of the frictionai clutch 14 is amplified, whereby the 

so rotational speed difference Is Increased between the 
first and second cam members 17 and 18. As a result, 
since the second cam member 18 is further moved 
toward the main clutch mechanism 10c by the cam fol- 
lower 19, the main clutch 10c is consequently brought 

ss into direct engagement. Here, this statue is referred to a 
direct four-wheel drive connecting the propeller shaft 24 
with the drive pinion shaft 28. I.e.. as the third mode. 
[0037J Thus, in the drive force transmission device 1 0, 
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with the current of supplying to the electromagnetic coil 
constructive oi the electromagnet 1 3. the magnetic path 
is established around the yoke 16 supporting the elec- 
tromagnet 13, the rear housing 11b, the fricticnaJ dutch 
14, the armature 15, the frtctional clutch 14, the rear 
housing 11b and the yoke 16. Therefore, the armature 
15 is attracted toward the frictional clutch 14 due to the 
magnetic induction. Consequently! the frictional clutch 
14 Is fictionally engaged therein by the attractive force 
of the armature 1 5, so that the outer case 10a is torque- 
trans mis si vely connected with the inner shaft 1 0b by the 
frictional engagement. In this state, the torque is trans- 
ferred from the outer case 10a to the inner shaft 10b in 
correspondence wtth the frictional engagement force. 
[0036] In the drive force transmission device 10, the 
inner clutch plate 14a constructive of the pilot dutch 
mechanism 14 is circularly formed as shown In FIG. 3, 
in which a spline portion 14a 2 is formed at an inner end 
portion of a ptate body I4a 1 so as to be engaged with 
the spline portion of the first cam member 17. On a mid- 
dle portion of the pfate body 14a 1 , there are circumfer- 
entially formed a plurality of penetration holes 14*3 for 
preventing from the short of the magnetic flux. 
[003d] Besides, the outer clutch plates 1 4b construc- 
tive of the frictional clutch 14 are circularly formed simi- 
larly to the inner dutch plate 14a. in which a spline 
portion is formed at an outer end of a plate body so as 
to be engaged with the spline portion of the front hous- 
ing 1 la. On a middle portion of the plate body, there are 
circumferentially formed a plurality of penetration holes 
for preventing from the short of the magnetic flux. Fur- 
ther, surface of the both inner and outer clutch plates 
14a and 14b ere formed to a frictional engage surface 
having a predetermined surface roughness. 
[0040] In the inner clutch plate 14a as shown FIGS. 3 
and 4, convex ridges I4a 4 having a minute width are 
formed parallel with each other at an infinitesimal inter- 
val distance on the frictional engage surface as a whole. 
Each of the convex ridges 14a4 is coaxialry arranged in 
a radial direction. The interval distance h 2 is set to a pre- 
determined value (ess than 600 urn on a condition that 
the height h 1 of the convex ridge 14a4 Is maintained 
over 1 um after the ..long-term use of. the drive force 
transmission device 10. Further, it becomes to be a 
range from 3 pm to SO urn such a depth of a groove por- 
tion I4a 5 relatively formed at the same time when the 
convex ridge 1404 Is formed. 

(0041 ] Herein, the contact area between the frictional 
engage surfaces becomes to be small as the interval 
distance h 2 of the convex ridge 14a 4 become to be 
large, whereby it is difficult to generate oil film. In con- 
sideration of frictional wear in the long-tarm use, the 
Interval distance h 2 may be preferably set less 600 11m. 
For example, in a case that the surface hardness of the 
plate body 14a! is Hv 500, it is appropriate to set the 
height h 1 of the convex ridge 14a* to more than 4-6 urn 
and it is also appropriate to set the interval distance hg 
thereof to 100-300 urn. 
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[0042] It is considered to cut the groove portions 1 4ag 
by cutting machining operation with a diamond cutting 
tool as one of methods fir forming a plurality of the con- 
vex ridges I4a4 on the frictional engage surface of the 
plate body 146^ As a result of the cutting machining 
operation of the groove portions 1 4%, the convex ridge 
14a4 (6 relatively formed against the groove portion 
I4a 5 . On the other hand, it can be adopted to form the 
convex ridges 14*4 by press-forming operation as 
another method. 

[0043] As an example. FIG. 5 shows a surface shape 
of the clutch plate 14a In a case that the convex ridge 
14a4 is formed by the cutting machining operation with 
the diamond cutting tool. In this cutting machining oper- 
ation, the convex ridge I4a4 is relatively formed in a 
reverse direction with the groove portion 14a 5 , so that 
the cutting machining operation is repeated at many 
times, whereby a plurality of the convex ridges 1484 are 
formed on the frictional engage surface of the plate 
body I4a t . 

[0044] On the other hand, in a case that the convex 
ridges 14a 4 are formed by the press-forming operation, 
it la appropriate to form the convex ridges 1 484 at a 
small interval distance h 2 , as compared with the cutting 
machining operation thereof with the diamond cutting 
tool. Namely, a projection between the groove portions 
1 4a 5 can be regarded as the convex ridge I4a 4 by form- 
ing the groove portions 1 4a 5 at a small interval distance. 
Besides, even If the convex ridges 14a* are formed by 
the cutting machining operation with the diamond cut- 
ting tool, the interval distance ha thereof may be formed 
generally same as that of the convex ridges 14*4 
formed by the press-forming operation. 
[0045] In the drive force transmission device 1 0 con^ 
structed above, each of the minute convex ridges 14a* 
Is drcumferentially provided parallel with each other at 
the infinitesimal Interval distance on the frictional 
engage surface of the inner clutch plate 14a construc- 
tive of the frtctional dutch 14 of the pilot clutch mecha- 
nism i0d. With this construction, each of the convex 
ridges 1 4a4 Is still maintained against the long-term use 
of the drive force transmission device 1 0, so that It can 
be prevented that the oil film Is formed between the both 
inner and outer clutch plates 14a and 14b. 
[0046] Moreover, since each of the convex ridges 
14a4 la circumferentially formed, the wedge operation 
(effect) in oil cannot be generated therebetween, 
whereby the formation of the oil film can be further pre- 
vented. As a result, the lubricant function can be main- 
tained with the required minimum oil. Further, the actfve 
magnetic force can be stabilized in the pilot dutch 
mechanism 10d. On a surface of the outer clutch plate 
1 4b, there are formed lubricant grooves (not shown), so 
that the lubrication and cooling of the pilot dutch mech- 
anism lOd can be performed in a good condition. 
[0047] Consequently, since the torque transfer char- 
acteristics can be Improved, the durability in judder and 
responsibility can be also Improved. Further, the scuff- 
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ing torque by the viscidity of the on film can be dimin- 
ished, so that the durability can be further Improved. 

[Experimental Case] 

[0048] It rs considered such an influence acting on the 
frictional engage force against the frictional clutch 14 by 
the a plurality of the convex ridges 14a4 shown In FIG. 
4 which are formed on the frictional engage surface of 
the inner clutch plate 14a constructive of the frictional 
clutch 14 of the pilot clutch mechanism I0d. It le further 
considered such a torque transfer characteristic of the 
drive force transmission device 10 shewn in FIG. 2 In 
which the same pilot clutch le assembled therein. 

(Experimental Case 1) 

[0049] In this experimental case 1 , the surface rough- 
ness of the Inner clutch plate 14a constructive of the 
frictional clutch 14 le set to same as that of the outer 
clutch plate 14b. In such a condition, it is measured 
such a ratio of the frictional coefficient between tho both 
dutch plates 14a and 14b of the frictional clutch 14 in 
each of the surface roughness and a torque transfer 
characteristic in the drive force transmission device 10. se 
FIGS, 6, 7(A) and 7(B) show graphs In the measured 
result. 

[0050] Further, the height h v the interval distance h 2 
and the depth h 3 of the groove portion 14a s are respec- 
tively set to 4 urn, 275 urn and 4 ^im, as the experlmen- 30 
tal condition In the convex ridges 1 4a* in the inner clutch 
plates 14a. In the drive force transmission device 10, 
the thrust force by the armature 15 of the pilot clutch 
mechanism 10d is set to 500 N. Moreover, the ratio of 
the frictional coefficient in FIG. 6 represents the ratio $e 
between the frictional coefficient (MSOrpm) at the rota- 
tional speed difference 50 rpm and the frictional coeffi- 
cient (u2rpm) at the rotational speed difference 2 rpm, 
i.e., the ratio (^i50rpm/uJ2rpm), 

[0051] In the graph of FIG. 6, the curve A presents a to 
case that there are formed a plurality of the convex 
ridges 14eu on the frictional engage surface, and the 
curve 8 presents a case that no convex ridges 14a4 
exists thereon. As understood from FIG. 8, there is a 
large difference due to the ratio of the frictional coeffi- «5 
cient Namely, In the case that the convex ridges 14&4 
exist on the frictional engage surface, it is so character- 
ized that the curve A does not change at a certain value 
which is slightly larger than 1 in the ratio of the frictions! 
coefficient where a range exceeds 1 in the surface so 
roughness. On the other hand, in the case that the no 
convex ridge 14a* exists on the frictional engage sur- 
face (i.e.. the curve B), the ratio of the frictional coeffi- 
cient changes around at 0.5 where the range of the 
surface roughness is less than 1 urn. The ratio of the ss 
frictional coefficient then gradually increases in accord- 
ance with the increase of the surface roughness, and it 
subsequently exceeds 1 where the range of the surface 



roughness exceeds 2 As a result H Is so under- 
stood that the ratio of the frictional coefficient unusually 
changes in accordance with the surface roughness 
where no convex ridge 14a4 exists on the frictional 
engage surface (i.e., the curve B). 
[0052] FIG. 7(A) shows the relationship between the 
transmissrve torque and the rotational speed difference 
In the drive force transmission device 10 of a case that 
the convex ridges 14a4 are formed on the inner clutch 
plate 14a. In this graph, the curves A 1( Aa. A3. A4, A s 
and A« represent the characteristics in that the surface 
roughness of the frictional engage surface are set to 0.5 
um, 1 urn. 2 um 3 um 4 um and 5 urn respectively. Fur- 
ther, FIG. 7(B) shows the relationship between the 
tran&mi&sive torque and the rotational speed difference 
in the drive force transmission device 10 of a case that 
no convex ridge 14a4 exists on the inner clutch plate 
14a. Similarly, in the graph of FIG. 7(B), the curves B 1( 
B2, B 3 , B 4 . B 5 and B 9 represent the characteristics an 
that the surface roughness of the frictional engage sur- 
face are set to 0.5 pm,1 urn. 2 urn. 3 urn, 4 ^m and 5 
Mm. respectively. 

[0053] Referring to the graphs of FIG. 7(B). the char- 
acteristic in the drive force transmission device 10 is so 
envisaged that the tran emissive torque jagged ly 
decreases In the small range of the rotational speed dif- 
ference once and then gradually increases, in the case 
that no convex ridge 14€U exists on the inner clutch 
plate 14a of the frictional dutch 14 and that the surface 
roughness on the both Inner and outer clutch plates 14a 
and 14b is set equal to or less than 1 urn. To the con- 
trary, referring to the graph of FIG. 7(A), In the case that 
the convex ridge I4a4 are formed on the inner clutch 
plate 14a of the frictional dutch 14 and that the surface 
roughness on the both inner and outer clutch plates 14a 
and 14b is set equal to or less than 1nm. the transmis- 
slve torque slightly decreases as the rotation aJ speed 
difference Increases. In the same esse, the trensmls- 
sive torque does not change at a generally constant 
value regardless of the rotational speed difference even 
if the surface roughness on the both Inner and outer 
clutch plates 14a and 14b exceeds 2 pm. 
[0054J Accordingly, the torque transfer characteristic 
in the drive force transmission device 10 can be appar- 
ently improved in the case that the convex ridges 14a^ 
are formed on the Inner clutch plate 14a. so that it is 
envisaged that the convex ridges 1 4a 4 ad effectively. 

(Experimental Case 2) 

[0055] In the experimental case 2, it is considered 
such an effect in the height hi of the convex ridge 1404 
formed on the Inner clutch plate 1 4a constructive of the 
frictional clutch 14a. FIG. B(A) shows the experimental 
result about the relationship between the height h 1 of 
the convex ridge 14a* and the ratio of the frictional coef- 
ficient, in the case that the surface roughness of the 
both inner and outer clutch plates 14a and 14b of the 
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frictional dutch 14 Is set to 1 um and that the interval 
distance h 2 in each of the convex ridges I4a 4 is set to 
275 Mm. Further, FIQ. 8(B) shows the experimental 
result about the relationship between the transmissive 
torque and the rotational speed difference in the drive s 
force transmission device 10 In the same setting in the 
measurement in fig. 8(A). Besides, the other experi- 
mental condition is same as that in the experimental 
case 1 . 

[0056] Here, in FIQ. 8(B), the curves B 1( B z , B 3 . B* 10 
B 5 and Be represent the experimental characteristics in 
that the height hj of the convex ridge I4a4 are set to 0 
urn. 0.5 um, 1 jam, 2 um, 3 urn and 4 jim, respectively. 
[0057] Referring to FIG. 8(A), It Is apparently under- 
stood that the ratio of the frictional coefficient does not is 
suitably change at 1 in the case that the height of the 
convex ridge 14a4 is set over at least 1 um. Further, It Is 
apparently understood that the transmissive torque in 
the drive force transmission device 10 converges to a 
generally constant value regardless of the rotational so 
speed difference in the case that the height h-j of the 
convex ridge 14a 4 is set over at least 1 um, as referred 
to FIG. 8(B). Therefore, the torque transfer characteris- 
tic in the drive force transmission device 10 can be 
apparently improved in the case that the height h 1 of the se 
convex ridge 14a« is set over at least 1um. so that it is 
envisaged that the convex ridges I4a< act effective^. 

(Experimental Case 3) 

30 

[0058] In the experimental case 3, it is considered 
such an effect in the case that only the groove portions 
1 4a 5 instead of the convex ridge I4a4 are formed on the 
inner clutch plate 1 4a constructive of the frictional clutch 
14. FIG. 9(A) shows the experimental result about the ss 
relationship between the depth hg of the groove portion 
1 4a a and the ratio of the frictional coefficient, in the case 
that the surface roughness of the both inner and outer 
clutch plates 1 4a and 1 4b of the motional clutch 14 is 
set to 1 ^m and that an interval distance h 4 between the 40 
adjacent two groove portions 1 4as la set to 275 um. Fur- 
ther. FIG. 9(B) shows the experimental result about the 
relationship between jhe transmissive torque and the 
rotational speed difference In the drive force transmis- 
sion device 10 in the same setting in the measurement *& 
in FIG. 9(A). Besides, the other experimental condition 
is same as that In the experimental case 1 . 
[0059] Here, in FIG. 9(B), the curved B 1( B 2 , B 3 , B 4 » 
B G and B 6 represent the experimental characteristics in 
that the depth h 3 of the groove portion 1 4a 5 are set to 0 so 
um, 0.5 um, 1 um, 2 jim. 3 um and 4 jim. respectively. 
[0080] Referring to FIG. 9(A). it is apparently under- 
stood that the ratio of the frictional coefficient does not 
suitably change at a generally constant value less than 
1 regardless of the depth h 3 of the groove portion 14a 5 . es 
i.e. , no effect is acted by the depth h3 of the groove por- 
tion 14*4. Further, it is apparently understood that no 
effect act on the characteristic of the 



torque In the drive force transmission device 10, as 
referred to FIG. 9(B). 

(Experimental Case 4) 

[0061] In the experimental case 4, it is considered 
such an effect about the interval distance h 2 between 
the adjacent two convex ridges 1484 formed on the 
inner clutch plate 1 4a constructive of the frictional clutch 
14. FIG. 10(A) shows the experimental result about the 
relationship between the interval distance ^ of the con- 
vex ridge I4a 4 and the ratio of the frictional coefficient 
in the case that the surface roughness of the both inner 
and outer clutch plates 14a and 14b of the frictional 
clutch 1 4 Is set to 1 um and that the height hi of the con- 
vex ridge 14a4 Is set to 1 um, Further. FIG. 10(B) shows 
the experimental result about the relationship between 
the transmissive torque and the rotational speed differ- 
ence in the drive force transmission device 10 in the 
same setting in the measurement In FIG. 10(A). 
Besides, the other experimental condition is same as 
that in the experimental case 1 • 
[0062] Here, in FIG. 10(B), the curves B 1( B 2l B a , B 4> 
B 5 and B 6 represent the experimental characteristics in 
that the interval distance h^ of the convex ridge 1 4a* are 
sat to 100 um. 200 um. 300 um. 400 um, 500 um and 
600 um. respectively. 

[0063] Referring to FIG. 1 0(A). It is apparently under- 
stood that the ratio of the frictional coefficient gradually 
increases until the interval distance h 2 of the convex 
ridge 14«u reaches 200 fim, and that over 200 um It 
does not suitably change at 1. Further, it is apparently 
understood that the transmissive torque In the drive 
force transmission device 10 becomes to be a constant 
value where the Interval distance h 2 of the convex ridge 
14a4 exceed 200 um, as referred to FIG. 10(B). 

(Experimental Case 5) 

[0064] In the experimental case 4, rt is considered 
such an effect about the scuffing torque due to the con- 
vex ridges 1404 formed on the Inner clutch plate 14a of 
which the frictional clutch 14 is constructed. FIG. 1 1(A) 
shows the experimental result about the relationship 
between the scuffing torque and the surface roughness 
on the both irmer and outer clutch plates 14a and 1 4b of 
the frictions] clutch 14, in which that the height h 1 of the 
convex ridge 14a 4 is set to 1pm and ths Interval dis- 
tance h 2 thereof is set to 275 um. Further, FIG. 11(B) 
shows the experimental result about the relationship 
between the iransmissive torque and the rotational 
speed difference in the drive force transmission device 
10 in the same setting In the measurement in FIG. 
10(A). Besides, the attractive force of armature 15 in 
this experimental case Is set to 20 N in the pilot clutch 
mechanism 10d of the drive force transmission device 
10. 

[0065] Here, In FIG. 1 1 (A), the curves A and B repre- 
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sent the experimental characteristic in that the convex 
ridges 14a4 are formed on the frlctlonal engage surface 
of the Inner clutch plate 14a and that no convex ridges 
14a4 is formed thereon, respectively. Further, the 
curves A 1t A 2 and A 3 in FIG, 1 1 (B) represent the exper- 3 
Imental characteristic in the case that the surface rough- 
ness is set to 1 ^m, 2 urn and 3 urn where the convex 
ridges I4a 4 are formed on the frlctional engage surface 
of the Inner clutch plate 14a, respectively. Similarly, the 
curves B if B2 and B3 represent the experimental char- 10 
actertstics in the case that the surface roughness is set 
to 1 ^un, 2 \xrr\ and 3 um where no convex ridge 14a4 is 
formed on the frlctional engage surface, respectively. 
[0066] Referring to FIG. 1 1 (A), It Is apparently under- 
stood from FIG. 11(B) that whether the convex ridge* is 
1 4*4 exist or not on the frlctional engage effectively acta 
on the scuffing torque In the drive force transmission 
device 10. Namely, in the case that the convex ridges 
1484 *xtet on the frictional engage, the scuffing torque 
widely decreases as compared with the case no convex Qo 
ridge 14a 4 is formed thereon. 

(Modification) 

[0067] In this embodiment the convex ridge 14a* is « 
clrcumferentially formed coaxially with each other. How- 
ever, the shape of the convex ridge 14a 4 is not limited to 
the radial portion. For example, it can be adopted that 
the convex ridge 1434 is formed to an ellipse or formed 
spirally. so 

(Manufacturing Method) 

[0068] In the drive force transmission device 10. the 
inner clutch plate 14a in the frictional clutch 14 of the ss 
pilot clutch mechanism lod is formed with a multMayer 
manner that Is basically configured by a substrate made 
of steel. To the contrary, the outer dutch plate 14b is 
formed with a 6ingle-layer manner that Is formed from a 
substrate made of steel. Further, the frlctional engage 40 
surface on each of the both Inner and outer dutch plates 
14a and 14b is formed to a predetermined surface 
roughness. 

{0069] In the multi-layer configuration of the inner 
clutch plate 1 4a, a nitrogen diffusion layer la first formed 48 
on the surface of the substrate thereof, and then a 
nitrided layer is formed on the surface of the nitrogen 
diffusion layer. Further, an oxide tunic is formed on the 
surface of the nitrided layer, and a gae-nitriding-oxida- 
tion-quenching process is performed to such a murti- so 
layer configuration. 

[0070] The gas-nitriding-o»dation-quenching process 
Is recently developed as a multi-layer surface process, 
and that is known as the NITROTEC® process (regis- 
tered to Lucas. British company). 55 
[0071 J The NITROTEC® process is performed to the 
substrate of the inner dutch plate 14a that is same as 
that of the outer clutch plate 1 4b. For example, it is first 



performed to the substrate made of steel such a gas- 
softening-nttrldlng process that is heated for one or two 
hours at 500-600 degrees (°C) in a nitrogen ambience. 
Subsequently, the oxidation process is performed to the 
substrate of the inner clutch plate 1 4a, in which the high 
temperature is kept in an oxygen ambience tor a short 
time. Finally, the substrate of the Inner clutch plate 14a 
Is quenched in an emulsion of water-oil. As a result of 
this process, the multi-layer configuration of the inner 
clutch plate 14a is formed. Through this NITROTEC® 
process, the nitrogen diffusion layer and the nitrided 
layer are formed wtth around thickness of 20-40 jim, 
respectively. Further, the oxide tunic of the inner clutch 
piste 14a Is formed with around thickness of 0.5-1 .5 um, 
so that the hardness on the surface thereof can be 
increased by the quenching process. 
[0072] In the frictional clutch 1 4 of the pilot dutch plate 
10d as constructed above, the multi-layer configuration 
adopted to the inner clutch plate 14a Is of that is com- 
posed of the oxide tunic, since the nitrided layer and the 
nitrogen diffusion layer in this order from the top surface 
thereof, resistibiiity in corrosion, wear and fatigue can 
be muWpllcatlvely Increased, whereby the frictional 
engage surface can be prevented from being specularly 
ground. 

[0073] FIQ. 1 2 Shows the graph of the relationship of 
the tranemlssJve torque between the inner and outer 
clutch plates 14a and 1 4b and the rotational speed dif- 
ference therebetween about the influence of the multi- 
layer configuration on the inner clutch plate 14a. A curve 
A represents the experimental result wherein the multi- 
layer configuration is not formed on the Inner clutch 
plate 14a after the endurance test has been carried out 
thereon. I.e.. in the conventional clutch plate. A curve B 
represents the experimental result wherein the multi- 
layer configuration is formed on the inner dutch plate 
14a after the endurance test has been carried out ther- 
eon. A curve C represents the experimental result 
wherein only the convex ridges 14a 4 without the multi- 
layer configuration are formed on the inner dutch plate 
1 4a before the endurance test is carried out thereon. As 
shown by the curve B In FIG. 12. It can be prevented 
such a decrease of the tranemfsslve torque between the 
Inner and outer clutch plates 14a and 14b resulting In 
the oil film force generated on the both frictional engage 
surfaces therebetween due to the speoularity of the fric- 
tional engage surface. Therefore, it is possible to 
improve the torque transfer characteristic In the drive 
force transmission device 10 in which the clutch plate 
1 4a is formed with the multi-layer configuration, as com- 
pared with the conventional clutch plate shown by the 
curve A. 

[0074] In this case, since the difference in hardness 
exists between the inner and outer dutch plates 14a 
and 14b, the transmissive torque con be increased, 
whereby this is advantageous to the torque transfer 
characteristics. 

[0075] Further, the magnetic permeability in the Inner 
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dutch plate 14a is deteriorated due to its multi-layer 
configuration, and the strength In magnetic force is also 
deteriorated in little. However, the deterioration in mag- 
netic force acts so as to decrease the dispersion of the 
flatness (surface roughness) on the inner clutch plate 
1 4a, so that the dispersion of the torque transfer charac- 
teristic product by product can be also diminished in the 
electromagnetic type f rictional clutch. 
[0076] FIG. 13 is a graph showing the graph of the 
relationship between the magnetic flux density and the 
magnetic field intensity in each of the pilot clutch mech- 
anisms lOd in cases that the multi-layer and single-layer 
configurations are respectively performed on the fric- 
tional engage surface of the Inner clutch plate 1 4a. Fur- 
ther. FIQ. 14 shows the graph of the relationship 
between the attractive force by the armature 15 and the 
flatness (surface roughness) on the clutch plate in the 
same case. 

(0077] In the graphs shown in FIGS. 13 and 14, the 
graph A denotes the experimental result wherein the 
multi-layer configuration is formed on the inner dutch 
plate 14a, while the graph B denotes the experimental 
result wherein the single-layer configuration is formed 
thereon. As apparently understood from these experi- 
mental results, the magnetic field intensity in the case 
that the multi layer configuration Is performed on the 
inner clutch plate 14a is small, so that the attractive 
force against the armature 15 is small, as compared 
with the case that the single-layer configuration is per- 
formed thereon (see the curve A in FIGS. 13). Further, 
the change in the attractive force is small relative to the 
change of the flatness (surface roughness) on the frJc- 
tional engage surface of the clutch plate. This means 
that the dispersion in the torque transfer characteristic 
product by product becomes to be small In the pilot 
clutch mechanism 1 0d. 

[00781 Obviously, numerous modtflcations and varia- 
tions of the present invention are possible in light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present 
invention may be practiced otherwise than as specifi- 
cally described herein. 

[0079] On a frictional engage surface of one of inner 
and outer clutch plates constructing a wet-type multi- 
disk clutch, a plurality of convex ridges are formed at an 
infinitesimal predetermined interval distance. Lubricat- 
ing oil is kept between the convex ridges, so that the 
wedge operation in oil can be reduced, whereby the 
torque transfer characteristic can be improved. Further, 
a height of the convex ridge Is set equal to or more than 
1 urn and the interval distance of the convex ridge is set 
equal to or less than €00 urn, preferably. 
[0080] In the configuration of the clutch plate. It Is 
made of steel as a substrate. Further, a nitrogen diffu- 
sion layer, a nitrided layer and an oxidation tunic Is 
formed on said nitrided layer are formed on the sub- 
strate in its order therefrom. 
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Claims 

1. A clutch plate used for a drive force transmission 
device comprising; 

plural convex ridges circumferential ly formed 
parallel with each other at an Infinitesimal inter- 
val distance on a frictional engage surface of 
said clutch plate. 

2. A clutch plate according to Claim 1 . wherein height 
of said convex ridge is equal to or more than 1jim. 

3. A clutch plate according to Claim 1, wherein said 
interval distance of said convex ridge Is equal to or 
less than 600 urn. 

4. A Clutch plate according to Claim 1, wherein a 
shape of said convex ridge takes in the form of a cir- 
cle or an ellipse. 

5. A clutch plate according to Claim 2. wherein said 
interval distance of said convex ridge la equal to or 
less than 600 urn. 

6. A dutch plate according to Claim 1 , wherein said 
convex ridge is formed spirally. 

7. A dutch plate according to Claim 1 , wherein said 
clutch plate is made of steel as a substrate, further 
comprising: 

a nitrogen diffusion layer formed on said clutch 
plate; 

a nitrided layer formed on said nitrogen diffu- 
sion layer; and 

an oxidation tunic formed on said nitrided layer. 

& A clutch plate according to Claim 7, wherein said 
nitrogen diffusion layer, said nitrided layer and said 
oxidation tunic are formed on said substrate by per- 
forming a gas-softening nltrldlng process, an oxida- 
tion process and quenching process. 



43 9. A dutch plate according to Claim 1, wherein said 
clutch plate is adopted to one of inner and outer 
clutch plates used for the drive force transmission 
device. 

so 10. A dutch ptate according to Claim 1, wherein said 
clutch plate is adopted to one of inner and outer 
dutch plates of a pilot clutch mechanism in the 
drive force transmission device. 

55 n, A clutch plate according to Claim 10. wherein only 
the nitrogen diffusion layer is formed on the other of 
the inner and outer clutch plates of the pilot dutch 
mechanism In the drive force transmission device. 
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12. A clutch plate according to Claim 1, wherein width 
of said convex ridge is formed to be minute. 

13. A clutch piate according to Claim 10, further conv 
prising: 5 

a first seal ring member provided between a 

front housing of the drive force transmission 

device and a rear housing thereof; and 

a second seal member provided between an 10 

inner shaft of the drive force transmission 

device and the rear housing thereof; 

wherein said plot clutch mechanism le fluid- 

tightly disposed with said first and second seai 

rings in a space defined by the front and rear is 

housings and the inner shalt 

14. A clutch plate used for a drive force transmission 
device comprising: 

so 

plural groove portions clrcumferentiaJly formed 
parallel with each other at an Infinitesimal inter- 
val distance on a frictlonal engage surface of 
said clutch plate 

es 
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FIG. 2 
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FIG. 10(A) (WITH CONVEX RIDGE) 
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FIG. 10(B) (WITH CONVEX RIDGE) 
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